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ARTICLE INFO ABSTRACT 


A series of bio-based unsaturated polyesters was synthesized by melt polycondensation of itaconic acid 
with 1,4-butanediol and glycerol. Their chemical structures were confirmed by FT-IR, 'H NMR, acid and 
hydroxyl values. Waterborne UV curable dispersion coatings based on these polyesters and acrylated 
epoxidized soybean oil (AESO) were formulated. The average particle size and their stability before curing 
as well as the coating properties after curing, including adhesion, flexibility, pencil hardness and solvent 
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resistance, were investigated. Results demonstrated that the glycerol segment in the polyesters together 
with AESO led to the excellent coating properties in terms of highest grade of adhesion (5B), OT flexibility, 
pencil hardness of 5H and excellent solvent resistance (no appearance change after 250 double rubs with 
ethanol and acetone). This work provided us the coating systems combining the merits of being bio-based, 
UV-curable and water dispersible. 


1. Introduction 


Organic coating is an important sector of modern chemical 
industry. However, almost all the traditional coating systems 
inevitably contain significant amount of organic solvents or other 
volatiles. Recently, due to the increasing environmental protection 
consciousness and the stricter environmental legislation, the tra- 
ditional solvent-based coatings have being gradually replaced by 
the environmental friendly ones [1]. At the same time, fossil fuel 
reserve is expected to deplete around the year 2050 if the present 
consumption rate continues [2,3]. The industry and academia are 
motivated to explore the alternatives of petroleum derived chem- 
icals with green and sustainable materials [4-6]. Therefore, green 
technologies such as waterborne coating technology, renewable 
materials as well as UV cure which have the capability to produce 
high-performance coatings with high productivity, low energy con- 
sumption and extremely low VOC emissions have being preferred 
and developed [7-9]. 

For instance, Chen et al. [10] produced three kinds of coatings 
by co-photopolymerizing the norbornyl epoxidized linseed oil 
with different divinyl ether reactive diluents. Mahmoud [11] and 
Ang et al. [12] synthesized several UV curable resins for coating 
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applications from palm oil and its derivatives. Cai et al. [13] 
reported the bio-based films with good coating properties, which 
was prepared by the UV copolymerization from acrylated epox- 
idized soybean oil (AESO) and reactive diluents. However, it is 
easy to notice that the volatile reactive diluents and organic sol- 
vents are absolutely necessary for the above mentioned coating 
systems to obtain the satisfied properties. For the sake of reduc- 
ing the VOC emission in coatings industry, waterborne coatings 
have gained more and more attention in recent years. The replace- 
ment of organic solvent or diluents by water has the advantages 
of decreasing air pollution, reducing the risk of fire, improv- 
ing the aspects of occupational health and safety as well as 
lower energy consumption. Additionally, waterborne coatings also 
possess advantages such as easier viscosity control and greater ease 
of cleaning [14-16]. 

In our previous work [17], three bio-based unsaturated 
polyesters were synthesized from itaconic acid and different diols 
(ethylene glycol, 1,4-butanediol and 1,6-hexandiol) derived from 
renewable resources. And the waterborne UV-cured coatings based 
on these polyesters exhibited high hardness, good water resistance 
and solvent resistance. However, they were inferior in the perfor- 
mance of adhesion and flexibility. In the present work, in order to 
improve the adhesion of the coatings, glycerol was incorporated 
into the molecular chain of the unsaturated polyester by copoly- 
condensating with itaconic acid and 1,4-butanediol. In addition, 
the flexible acrylated epoxidized soybean oil (AESO) which is one 
of the paramount bio-renewable materials for coatings [8,18-20], 


was introduced to improve the flexibility. The particle size and sta- 
bility of the waterborne dispersions before curing as well as the 
coating properties in terms of adhesion, flexibility, pencil hardness 
and solvent resistance of the final products were carefully inves- 
tigated. The waterborne UV-cured coatings with high bio-based 
content were introduced in this paper. 


2. Experimental 
2.1. Raw materials 


Acrylated epoxidized soybean oil (AESO) was supplied by 
JiangSu LiTian Science and Technology Co. Ltd, China. It is a yel- 
lowy transparent viscous liquid with acid number below 13 mg 
KOH/g, which contains approximately three double bonds in 
each triglyceride molecule determined by 'H NMR. Itaconic acid 
(IA), sodium hydrogen carbonate (NaHCO3) and triethanolamine 
were purchased from Zhejiang Guoguang Biochemistry Co., 
Ltd. Glycerol, 1,4-butanediol, hydroquinone monomethyl ether 
(MEHQ), p-toluenesulfonic acid and dibutyltin dilaurate (DBTL) 
were all obtained from Aladdin Reagent, China. 2-Hydroxy-4- 
(2-hydroxyethoxy)-2-methylpropiophenone (Irgacure2959) was 
purchased from Heowns Biochem Technologies LLC. All chemicals 
were used as received without further purification. 


2.2. Characterization 


1H NMR was performed on a 400 MHz AVANCE III Bruker NMR 
spectrometer (Bruker, Switzerland) with acetone-dg as a solvent. 
The infrared spectrum (FT-IR) was recorded with NICOLET 6700 
FT-IR (NICOLET, America). The hydroxyl value (OHV) was defined 
as the number of milligrams of potassium hydroxide needed to 
neutralize the acetic acid formed in the acetylation of 1g sam- 
ple according to ASTM D1957-86. The specified method involved 
acetylating hydroxyl groups with acetic anhydride in pyridine con- 
taining 4-dimethylaminopyridine as catalyst. After the reaction, the 
excess amounts of acetic anhydride was hydrolyzed with water 
and titrated with an aqueous solution of potassium hydroxide 
(0.5 mol/L). The difference between the volumes of base needed 
to neutralize the sample and a blank provides the hydroxyl value. 
The acid value (AV) was defined as the number of milligrams of 
potassium hydroxide required to neutralize 1g sample according 
to ASTM D465-01 by titrating the non-volatile acid fraction of the 
sample with a potassium hydroxide solution in ethanol (0.1 mol/L). 
The particle size of the dispersions was measured at 25°C using 
the Microtrac $3500 (Microtrac Inc., Montgomeryville, PA, USA) 
laser light particle size analysis apparatus. Samples were diluted 
with water into an appropriate concentration as indicated by the 
instrument. Thermogravimetric analysis (TGA) was performed ona 
Mettler-Toledo TGA/DSC1 Thermogravimetric Analyzer (METTLER 
TOLEDO, Switzerland) with high purity nitrogen as purge gas at a 
scanning rate of 20°C min~! from 50°C to 600°C. The pencil hard- 
ness of coatings with the thickness of about 50 um on tinplate sheet 
was measured according to ASTM D3363-00. The flexibility of the 
coatings was measured by T-Bend test according to ASTM D4145- 
10. The adhesion of the coatings to tinplate sheet was evaluated 
using ASTM D3359-09 crosshatch adhesion method. The solvent 
resistance of coatings was determined by the double rub method 
according to the modified ASTM D5402-06 [21]. The UV-cured films 
were rubbed with cotton gauze using ethanol and MEK as a solvent. 
The results were reported as the minimum number of double rubs 
at which the films were observed to fail or “>250” (if no change 
happened for the film after 250 double rubs, it was the maximum 
number of double rubs in the test). 


Table 1 
The feed composition and synthetic conditions of the bio-based polyesters. 


Polyesters IA/1,4-Butanediol/Glycerol Reaction time (h) 
(molar ratio) Prepoly. Polycondensation 
PIBo7.5G2.5 1.2/0.975/0.025 2 4 
PIBo5G.5 1.2/0.95/0.05 2 4 
PIBo2.5G75 1.2/0.925/0.075 2 4 
PIBgoGio 1.2/0.9/0.1 2 4 


2.3. Preparation of bio-based polyesters 


As shown in Table 1, the reaction mixtures of itaconic acid, 
1,4-butanediol and glycerol with the predetermined molar ratio, 
p-Toluenesulfonic acid monohydrate (0.5 mol% relative to itaconic 
acid) as the catalyst for pre-polymerization and MEHQ (0.5 wt.% 
relative to the total weight of itaconic acid, 1,4-butanediol and 
glycerol) as the free radical polymerization inhibitor were charged 
into a four-necked flask equipped with a mechanical stirrer, a ther- 
mometer, a reflux condenser and a nitrogen inlet. The mixtures 
were kept at 120°C for 2h for the pre-polymerization to form the 
oligomers and then the oligomers were kept at 120°C for 0.5h 
under the vacuum of 0.09-0.095 MPa, so that most generated water 
could be removed from the system. Then DBTL (0.5 wt.% relative 
to the total weight of reactants) was added as the polyconden- 
sation catalyst. After the mixtures were kept at 120°C under the 
vacuum of 0.09-0.095 MPa for another several hours, they were 
cooled to a lower temperature and discharged before storing at a 
dry environment. The synthetic route was illustrated in Scheme 1. 


2.3.1. Poly (itaconic acid-1,4-butanediolg7 5-glycerol2 5) 
(PIB97.5G2.5) 

1H NMR (400MHz, Acetone-dg), 6 (ppm): 1.71, 1.76, 1.80 (t, 
J=16Hz, 4H, -CH2-CH>-), 5.80, 5.83 (d, J=12 Hz, H, =CH>), 6.28, 
6.30 (d, J= 8 Hz, H, =CH2), 3.36, 3.40 (d, J= 16 Hz, 2H, -O-CO-CH2-), 
4.10, 4.13 (d, J= 12 Hz, -CO-CH,-CH>-), 4.18, 4.21 (d, 2H, J=12 Hz, 
-—CH2-CH2-OC-), 4.31-4.34 (m, 5H, -O-CHz—CHOH-CH2-O-.). FT- 
IR (KBr, v/cm7!): 3254 (-OH), 2964 (-CH2-), 1731 (C=O), 818 and 
1637 (C=CH2), 1394 (C-O). 


2.3.2. Poly (itaconic acid-1,4-butanediolgs-glycerols ) (PIBgsGs5) 

1H NMR (400MHz, Acetone-dg), ô (ppm): 1.71, 1.76, 1.79 (t, 
J=16Hz, 4H, -CH2-CH2-), 5.80, 5.83 (d, J=12 Hz, H, =CH2), 6.28, 
6.30 (d, J= 8 Hz, H, =CH2), 3.37, 3.40 (d, J =12 Hz, 2H, -O-CO-CH)-), 
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Scheme 1. Synthesis of the bio-based unsaturated polyesters. 


4.10, 4.13 (d, J= 12 Hz, -CO-CH>-CH>-), 4.18, 4.21 (d, J= 12 Hz, 2H, 
-CH2-CH2-0C-), 4.28-4.47 (m, 5H, -O-CH2-CHOH-CH>-0-). FT- 
IR (KBr, v/cm-!): 3254 (-OH), 2963 (-CH2-), 1730 (C=0), 819 and 
1637 (C=CH2), 1395 (C-0). 


2.3.3. Poly (itaconic acid-1,4-butanediolg2 5-glycerol7 5) 
(PIBo2.5Gz,5) 

1H NMR (400 MHz, Acetone-dg), 6 (ppm): 1.70, 1.75, 1.79 (t, 
J=16Hz,4H, -CH2-CH2-), 5.80, 5.82 (d, J=8 Hz, H, =CH2), 6.28, 
6.30 (d, J=8 Hz, H,=CH2), 5.97 (s, H, =CH2), 6.40 (s, H, =CH2), 
3.37, 3.40 (d, J= 12Hz, 2H, -0-CO-CH2-), 4.11, 4.13 (d, J=8 Hz, 
-CO-CH2-CH2-), 4.18, 4.21 (d, J=12 Hz, 2H, -CH2-CH2-0C-), 
4.27-4.48 (m, 5H, -0-CH2-CHOH-CH2-0-). FT-IR (KBr, v/cm7!): 
3255 (-OH), 2963 (-CH2-), 1731 (C=O), 819 and 1637 (C=CH2), 
1395 (C-0). 


2.3.4. Poly (itaconic acid-1,4-butanediolggo-glycerol10 ) (PIB99G10) 

1H NMR (400 MHz, Acetone-dg), ô (ppm): 1.75, 1.79, 1.83 (t, 
J=16Hz, 4H, -CH2-CH>-), 5.83, 5.85 (d, J=8 Hz, H, =CH2), 6.31, 
6.33 (d, J=8 Hz, H, =CH2), 6.00 (s, H, =CH>), 6.40 (s, H, =CH3), 
3.40, 3.43 (d, J=12 Hz, 2H, -O-CO-CH)-), 4.14, 4.16 (d, J=8 Hz, 
-CO-CH2-CH2-), 4.21, 4.23 (d, J=8 Hz, 2H, -CH2-CH2-0C-), 
4.28-4.57 (m, 5H, -0-CH2-CHOH-CH2-0-). FT-IR (KBr, v/cm7!): 
3254 (-OH), 2961 (-CH2-), 1729 (C=O), 818 and 1635 (C=CH2), 
1393 (C-O). 


2.4. Preparation of the waterborne UV-cured coatings 


For the sake of obtaining the stable waterborne dispersions, 
the synthesized resins (or the synthesized resins and AESO) and 
deionized water mixtures were stirred vigorously for 5 min, fol- 
lowed by slow addition of sodium hydrogen carbonate (NaHCO3) 
to partly neutralize the carboxylic acid groups of the resins at 50°C. 
After they were stirred with a mechanical stirrer at an agitation 
speed of 1500rpm for another 30 min, the dispersions with 50% 
solid content were obtained. Then 3 wt.% waterborne photoinitia- 
tor Irgacure 2959 and 2 wt.% curing promoter triethanolamine (on 
the base of the resins’ weight) were added into these dispersed sys- 
tems. Finally, the dispersions were coated onto the acetone cleaned 
tinplates, followed by drying at 80°C in the vacuum oven to reacha 
constant weight and cured at ambient temperature for 3 min using 
a high-pressure mercury lamp (1000 W) at 365 nm. The distance 
from the lamp to the surface of samples was 15cm. The UV light 
intensity was about 321 mW/cm? (UVA) as measured by UV Power 
Puck II from EIT Inc. All the coatings were completely cured, clear 
with no visible defects such as pin holes, blisters, phase separa- 
tion, etc. The thickness of the obtained coatings on the tinplate was 
about 50 um. 


3. Results and discussion 


3.1. Synthesis and chemical structure identification of bio-based 
polyesters 


In this study, the target polyesters were synthesized from ita- 
conic acid, 1,4-butanediol and glycerol via melt polycondensation 
without any VOC emission. In addition, it has been reported that 
not only itaconic acid but also glycerol and 1,4-butanediol could 
be produced from bio-renewable resources [22,23]. As we know, 
in order to regulate the development of bio-based polymeric prod- 
ucts, some international standards have been established for the 
determination of the bio-based content. The United States Depart- 
ment of Agriculture defines the bio-based content of a product as 
“the amount of bio-based carbon in the material or product as a per- 
cent of the weight (mass) of the total organic carbon in the product” 


Table 2 
Feed composition, curing time and bio-based content for different samples. 


Codes Weight ratio Curing Bio-based 
Polyester AESO time (min) content (wt.%) 
PIB97.5 G2.5 100 0 3 95 
PIBo5 G5 100 0 3 95 
PIB92.5G7.5 100 0 3 95 
PIBo0G10 100 (0) 3 95 
PIB90G10/AESO 10 90 10 3 93.2 
PIBg9Gj9/AESO 20 80 20 3 91.1 
PIBg9Gi9/AESO 30 70 30 3 89.1 
PIBg9Gi9/AESO 40 60 40 3 86.9 
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Fig. 1. FT-IR spectra of PIB97.5G2.5, PIBosGs, PIBo2.5G75 and PIBgo Gio. 


[24]. According to this definition, the bio-based content of the syn- 
thesized polyesters was as high as 100%, which was the same as 
that of a natural biomass. And the waterborne UV-cured systems 
based on these polyesters also exhibited high bio-based content as 
displayed in Table 2. 

The chemical structures of the synthesized polyesters were con- 
firmed by FT-IR and 'H NMR. Fig. 1 represents the FT-IR spectra 
of PIB97.5G2.5, PIB95Gs5, PIB92.5G7.5 and PIB90G10, respectively. The 
broad adsorption band centered at 3254cm7! was corresponded 
to the -OH stretching vibration of the carboxylic acids. The peak 
at 2963 cm~! was indicative of the presence of -CH>-, the strong 
absorption peak at 1728 cm~! was assigned to the C=O stretching 
of ester units and the peaks at 819 and 1638 cm~! were belonged to 
the C=CHp stretching. Moreover, as seen from the 'H NMR spectra 
of polyesters in Fig. 2, the peaks of protons were all in accordance 
with the characteristic peaks of protons of the target polyesters. To 
further identify the chemical structures, their hydroxyl value (OHV) 
and acid value (AV) were also examined by titration. In Table 3, all 
the polyesters exhibited high acid value, and their hydroxyl values 
were in the order of PIB90G10 > PIBo2.5G7.5 > PIBg5Gs > PIB97.5G25, 
which was in good agreement with theory values calculated from 
the feed compositions. These results demonstrated that the target 
compounds were synthesized successfully. 


Table 3 

The acid value (AV) and hydroxyl value (OHV) of the polyesters. 
Value PIBo7,.5Ga5 PIBg5Gs PIBo2.5G75 PIBooGio 
AV (mg KOH/g) 128 122 138 131 
OHV (mg KOH/g) 17 21 34 47 
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Fig. 2. !H NMR spectra of PIB97.5G2.5, PIB95 G5, PIBo2.5G7.5 and PIBgoGio. 


3.2. Average particle size and stability of the waterborne 
dispersions 


The dispersion and its stability of the waterborne coating sys- 
tems are extremely important for the coating processability and 
also impact the final properties of the coatings. Thus, average par- 
ticle size of the waterborne dispersions of the coating systems and 
their stabilities were examined (Figs. 3 and 4). As seen from Fig. 3, 
the average particle size of the dispersions was decreased with the 
increasing of glycerol segment in the PIBG systems (PIBg7.5G25, 
PIBg5Gs5, PIBg2.5G7.5 and PIBo0G10), which was due to the reason 
that the number of hydrophilic groups (hydroxyl groups) was 
increased with the more and more glycerol segments incorporat- 
ing into the polyesters chain. It is well known that the average 
particle size and dispersibility of the waterborne coatings disper- 
sions are determined by several factors, such as hydrophilicity, 


ionic group position, the prepolymers structure and property, etc. 
[25,26]. With other factors being comparable, hydrophilic polymers 
usually tend to produce smaller particles during dispersion process 
compared to hydrophobic polymers [27]. For the PIB99Gi9/AESO 
systems in our study, the hydrophobic polymer AESO enhanced 
their hydrophobicity, leading to the increased average parti- 
cle size (PIB99G1gAESO 40 > PIB90G10AESO 30 > PIBgg Gi 9AESO 20> 
PIBg9Gj9AESO 10). 

The stability of emulsions can be evaluated by the level of 
demulsification and stratification during storage. Thus, visual 
examination was conducted to investigate the stability of the dis- 
persions of PIBG and PIB90G10/AESO systems at room temperature. 
The images of different dispersions stored for different periods of 
time were shown in Fig. 4. Generally, the smaller average par- 
ticle size of the dispersions was, the better the stability of the 
dispersions was. Obviously, the stability of PIBG systems was in 
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Fig. 3. Average particle size of the dispersions PIBG systems (PIBg7.5G25, PIB95 G5, PIBo2.5G7.5 and PIBg9Gio) and PIB99Gi9/AESO systems (PIBg9Gio9/AESO 10, PIBg9Gi9/AESO 20, 
PIB90G10/AESO 30 and PIBo0G10/AESO 40). 
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Fig. 4. Images of the dispersions of PIBG systems (1 =PIBo75G25, 2=PIBosGs, 3=PIBog25G75 and 4=PIBooGio) and PIBgoGio/AESO systems (5=PIBgoGio/AESO 10, 


6 = PIBg9Gio/AESO 20, 7 = PIBg9Gio/AESO 30 and 8 = PIB90G10/AESO 40). 
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Fig. 5. TGA curves for the UV-cured networks (a: PIBG systems (PIBg75G25, PIB95 G5, PIBo2.5G7,5 and PIBg9Gio); b: PIBg9Gio/AESO systems (PIBg9G19/AESO 10, PIBg9Gio/AESO 


20, PIBg9Gi9/AESO 30 and PIBg9Gi9/AESO 40)). 


the order of PIB90G1ọ > PIB92.5G7.5 > PIBg5 Gs > PIBg7.5G25. For the 
PIBg99G19/AESO systems, their stabilities were decreased seriously 
with the more AESO introduction, which was proved by the strat- 
ification for all the AESO containing samples after 12h-storage. 
Fortunately, they were all dispersed homogeneously within sev- 
eral hours and could be coated well so as to obtain perfect films for 
properties investigation. 


3.3. Thermal stability of the UV-cured networks 


The TGA curves of the UV-cured networks under nitrogen atmo- 
sphere are shown in Fig. 5 and the data are summarized in Table 4. 


As can be seen from Table 4, with the increase of glycerol seg- 
ment in the PIBG systems (PIBg7,5G2.5, PIBg5Gs, PIBg2.5G7.5 and 
PIB90G10), the degradation temperature for 10% weight loss (Tg19%) 
was decreased and the char yield at 600°C (Rego) was increased. 
Meanwhile, when the AESO content was increased, the T410% of 
the PIByggG19/AESO systems was raised, while the char yield was 
reduced. This probably because the initial degradation temperature 
and the char yield of the polyesters have a close tie with the OHV 
and AV. The higher OHV and AV of the samples are, the lower initial 
degradation temperature and higher char yield are. As we know, 
the intermolecular elimination usually starts from the hydroxyl 
and carboxyl groups during the thermal degradation [28,29], which 


Table 4 

Thermal properties and coating performance of the UV-cured networks. 
Samples Thickness Adhesion Pencil Flexibility Ta10x R600 MEK double Ethanol double 

(um) hardness (°C) (%) rub resistance rub resistance 

PIB [17] 50 2B 2H 3T 256 21.6 >250 >250 
PIBo7.5G2.5 50 3B 2H 3T 245 23.2 >250 >250 
PIBo5 G5 50 4B 2H 3T 242 24.4 >250 >250 
PIBo2.5G7.5 50 4B 3H 3T 241 26.3 >250 >250 
PIBo0G10 50 5B 3H 2T 240 29.3 >250 >250 
PIB90G10/AES010 50 5B 5H 2T 265 33.6 >250 >250 
PIB90G10/AESO20 50 5B 3H 2T 267 20.8 >250 >250 
PIB90G10/AESO30 50 5B 3H OT 269 16.9 >250 >250 
PIBg9 G10 /AESO40 50 5B 2H OT 274 14.9 >250 >250 


will lead to a lower T410g, and the dehydration reaction of hydroxyl 
promotes the char formation so as to result in a higher char yield 
[30-32]. Compared with PIBg9Gj9, the PIBg9Gi9/AESO systems, 
especially the PIBg99Gj9/AESO 10, manifested a much higher T410% 
and char yield, although they possessed lower OHV and AV. It 
could be explained by the fact that increasing the crosslink den- 
sity of the network could also improve its stability. Although the 
flexible long chain of AESO, PIBg99G19/AESO 10 presented higher 
hardness than PIBg9Gj9 as seen from Table 4, which was indica- 
tive of the higher crosslink density of PIB99G19/AESO 10 relative to 
PIBg9 G10. 


3.4. Coating properties 


UV-cured coatings are used as factory-applied finishes for a vari- 
ety of products including furniture, fixtures, appliances and food or 
beverage containers, etc. In order to evaluate the potential applica- 
tion of our synthesized UV-cured systems, their coating properties 
in terms of adhesion, pencil hardness, flexibility and solvent resis- 
tance were investigated and the results were shown in Table 4. 
Obviously, the adhesion of PIBG systems was increased with con- 
taining more glycerol segment and polar group (-OH). Even though 
the oily AESO exhibited the low polarity, all the PIBg9Gj9/AESO sys- 
tems showed the highest grade of adhesion (5B) according to the 
ASTM D3359-09. In our previous work [17], the UV-cured PIB exhib- 
ited the pencil hardness of 2H. However, as for the PIBG systems 
(PIB97.5G2.5, PIB95G5, PIB92.5G7,.5 and PIB90G10), the pencil hardness 
was slightly increased with the increasing content of glycerol. That 
was due to the higher crosslink density and intermolecular interac- 
tion after the addition of glycerol owning more polar groups (—OH). 
After the introduction of flexible AESO, PIBg99Gj9/AESO systems 
should exhibit lower hardness than those of PIBg9G19/AESO sys- 
tems. But, on the contrary, the PIB99G10/AESO 10 displayed much 
higher hardness. This can be ascribed to the higher reactivity of 
AESO than itaconic acid-based unsaturated polyesters, resulting in 
the superior crosslinked network of AESO modified systems. When 
the AESO content was increased further, its flexibility became the 
leading factor. As a result, the pencil hardness showed a slight 
decrease for the sample of PIBg9G19/AESO 20, PIB90G10/AESO 30 
and PIBg9G19/AESO 40. For the flexibility of PIBggG19/AESO systems, 
it was easy to understand the fact that the higher content of AESO 
in the system resulted in an increased flexibility. The solvent resis- 
tance is a crucial factor for the application of coatings. Obviously, all 
the coatings showed excellent solvent resistance with no appear- 
ance change after 250 double rubs with ethanol and methyl ethyl 
ketone. 


4. Conclusions 
A series of bio-based unsaturated polyesters was synthesized 


successfully from itaconic acid, 1,4-butanediol and glycerol. Based 
on these polyesters, the bio-based waterborne UV-cured coatings 


were prepared. The results demonstrated that the particle sizes 
of dispersions were sensitive to the content of hydroxyl group in 
the polyesters. Generally, with other factors being comparable, the 
lower the content of hydroxyl group was, the larger the particle 
size was. After the incorporation of glycerol segment and AESO, the 
obtained UV cured coatings exhibited excellent properties, such as 
high adhesion, outstanding flexibility and high hardness as well 
as excellent solvent resistance. The PIBg9Gi9/AESO 10 specimen 
showed the best performance. This work provided us the coating 
systems combining the merits of being bio-based, UV-curable and 
water dispersible. 
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